Background: Laparoscopic surgery for common bile duct stones varies procedurally from a transcystic approach to laparoscopic choledochotomy (LC) with or without biliary drainage. However, LC is a difficult procedure with higher documented morbidity than the transcystic approach. We retrospectively investigated risk factors for adverse outcomes of LC.
W
ith the advent of laparoscopic cholecystectomy, when the presence of common bile duct (CBD) stones are suspected during the preoperative period, endoscopists can perform an endoscopic retrograde cholangiopancreatography (ERCP) with stone extraction before the surgeon performs a laparoscopic cholecystectomy. This approach is practical, but it requires the intervention of 2 teams: surgical and endoscopic. In addition, ERCP is associated with substantial morbidity and mortality, 1, 2 and adds costs to the procedure. For this reason, there is growing acceptance that in experienced hands laparoscopic bile duct exploration is more efficient than, and at least as safe as, endoscopic sphincterotomy in patients with CBD stones who are fit enough for general anesthesia and cholecystectomy. A meta-analysis of 5 randomized controlled trials 3 and recent clinical guidelines 4 have endorsed this opinion. Laparoscopic surgery for CBD stones can be divided into several procedural variations: a transcystic approach, and laparoscopic choledochotomy (LC) with or without biliary drainage. The transcystic approach has been reported to be applicable in up to 93% of patients (mean 71%) with a success rate of 74%-98%. 5 However, LC is still a difficult procedure with higher documented morbidity than the transcystic approach.
6 Surprisingly, there is relatively little information on the results of LC alone, as most series continue to pool the results of the 2 ap proaches. 5, 7, 8 To the best of our knowledge, only 1 published study has specifically evaluated the predictors relating to poor outcomes after laparoscopic bile duct exploration. 8 However, in that report, they also pool the results of laparoscopic transductal, transcystic and radiological ex ploration. In Asian reports, the success rates of transcystic exploration are much lower than those in Western reports. 9, 10 However, to our knowledge, there is no published analysis focusing on predictors of adverse outcomes after LC alone. Therefore, the purpose of the present retrospective study was to investigate the results and to evaluate the risk factors for adverse outcomes after LC for the management of CBD stones in a large series of consecutive patients.
METHODS
The study included patients who underwent LC performed by or under the direct supervision of an experienced laparoscopic surgeon (X.M. Hong) at Yinzhou Second Hospital between April 2004 and April 2011. Data were collected immediately after the operation. All patients were routinely assessed 6 weeks after discharge or rereferred if complications occurred after this period. This study complied with the guidelines established by the Ethics Committee of our hospital and the Declaration of Helsinki.
Operative technique
All patients underwent transabdominal ultrasonography and liver function tests. Patients with severe acute suppurative cholangitis or severe acute pancreatitis requiring immediate biliary drainage were scheduled to undergo emergency ERCP. Patients with CBD stones identified by ultrasonography or computed tomography proceeded straight to ERCP or LC. Equivocal cases (cholangitis, pancreatitis, current elevated liver function tests, CBD dilatation ≥ 8 mm on ultrasound) underwent magnetic resonance cholangiopancreatography (MRCP), and the results were used to select patients for subsequent ERCP or LC. Only patients with confirmed CBD stones and a CBD diameter of 8 mm or greater were selected for LC. Patients with a CBD diameter of less than 8 mm at ultrasound or MRCP and other patients deemed unfit for general anesthesia were scheduled to undergo ERCP. However, for patients with a CBD diameter of 8 mm or greater, there was still no standard protocol for patient selection in our institute.
We performed LC basically in the same way as open exploration. After preparing the anterior wall of the CBD, we used scissors to make a longitudinal incision in the CBD long enough to accommodate the stone intact. All stones visible at LC could be extracted with atraumatic forceps. Stones located in the lower part of the CBD could be pushed through choledochotomy by pressure on the CBD wall with blunt forceps or flushed through the choledochotomy with saline irrigation. The remaining stones were extracted with baskets and balloons under choledochoscopic guidance. Presenting cases of impacted biliary tract stones at the papilla level, obstructing the access of the basket, were managed with fragmentation achieved by holmium laser lithotripsy. In this procedure, the transducer was introduced through the choledochoscope and placed under direct visualization immediately over the stone, which was then broken into small fragments and collected in the basket or flushed out.
We used choledochoscopy for a postexploratory check of the bile ducts in all patients to ensure complete clearance of the biliary system. We considered clearance of the distal CBD to be complete only when the choledochoscope was passed into the duodenum through the ampulla of Vater. This was done carefully, avoiding undue manipulation of the ampulla.
We then assessed the CBD to decide on the method of closure. Whenever there was a concern of residual debris, extensive inflammation in the CBD or manipulation of the ampulla, we preferred closure over a drainage tube through a T-tube, or an endoscopic nasobiliary drainage (ENBD) tube. If the CBD was completely cleared, there was no debris or sludge in the CBD, and the papilla of Vater had no evidence of stenosis, the choledochotomy was primarily closed without biliary drainage. Subhepatic drainage was routinely positioned through the lateral subcostal port in all patients (Figs. 1-3 ).
RESEARCH

Data collection
The following variables were documented for each case: age, sex, American Society of Anesthesiologists (ASA) grade, acute biliary-related affections, preoperative ERCP, previous upper abdominal surgery, white cell count, serum total bilirubin (BIL), serum alkaline phosphatase (ALP), serum alanine transferase (ALT), albumin, creatinine, medical risk factors (MRFs), preoperative CBD diameter, number of stones (> 3 or ≤ 3) and presence of biliary sludge. We defined MRFs as any cardiovascular or respiratory condition requiring long-term drug therapy, diabetes mellitus requiring oral hypoglycemic agents or insulin, any medical condition requiring long-term steroids, cirrhosis, uremia and any major psychiatric disorder (psychosis or dementia) or central nervous system disturbance (hemiplegia, multiple sclerosis). We divided patients into 2 groups (≥ 1 MRFs v. no MRFs) without any attempt at weighting.
The following adverse outcomes were identified as being suitable for investigation.
• Complications: postoperative complications were stratified using a validated classification system developed by Dindo and colleagues (the Clavien system). 11 This system stratifies complications into 5 grades: any deviation from the normal postoperative course (grade I), those requiring certain pharmacological interventions (grade II), those requiring surgical intervention (grade III), lifethreatening complications (grade IV) and death (grade V). We sought predictors of relatively severe, Clavien grade II-V, complications.
• Conversion to an open operation.
• Failed surgical clearance, which we defined as failure to clear the bile duct of stones at operation, requiring subsequent intervention.
Statistical analysis
Quantitative variables are expressed as means and standard deviations (SD). Categorical variables are presented as values and percentages. We assessed potentially relevant risk factors by univariate analysis with the χ 2 statistic in the case of categorical variables and using simple logistic regression in the case of continuous variables. A significance level of p < 0.05 was used to identify factors on univariate analysis to enter into multivariate models. On multivariate analysis, we considered results to be significant at p < 0.05. We used the Hosmer-Lemeshow test to assess goodness of fit. The area under the receiver operating characteristic curve was calculated to evaluate diagnostic accuracy. We conducted all statistical analyses using SPSS version 13.0 for Windows (SPSS Inc.).
RESULTS
During a period of 7 years, 201 patients with a confirmed diagnosis of CBD stones were treated with LC. The patient demographic and clinical characteristics are shown in Table 1 . In all, there were 52 (25.9%) men and 149 (74.1%) women with a mean age of 57 (range 16-80) years. Of these, 192 (95.5%) patients had ASA I and II grade disease, and 9 (4.5%) had ASA III and IV grade disease. Twenty-two (10.9%) patients had undergone previous abdominal surgery. Nine patients had a history of cholecyst ectomy. Sixty-three procedures were carried out in the first 3 years and 138 in the latter 4 years of the study. A total of 149 patients were managed with a T-tube, 36 were managed with an ENBD tube, and 16 had a primary closure of the CBD. Of the 201 patients who underwent LC, adverse outcomes occurred in 48 (23.9%; Table 2 ). Clavien grade II-V complications occurred in 43 (21.4%) patients: grade II in 24 (11.9%), grade III in 21 (10.4%) and grade IV in 2 (1.0%). There was 1 death (grade V) for a mortality of 0.5%; it occurred in a 70-year-old patient with acute pancreatitis and jaundice who had failed clearance at previous ERCP and died from biliary peritonitis, sepsis and multiorgan failure after emergency surgery. Retained CBD stones were observed in 8 (4%) patients. The residual stones were removed through the T-tube tract by choledochoscopy in 6 of these 8 patients. The remaining 2 patients underwent postoperative ERCP. Conversion to laparotomy occurred in 7 (3.5%) cases owing to choledochojejunostomy in 3 patients with a markedly dilated CBD and distal biliary stricture harboring multiple stones, impacted stones in 1 patient, and severe acute cholecystitis or difficult access to CBD in 3 patients. Some patients had more than 1 adverse outcome.
Predictors of adverse outcomes
The results of our analysis of risk factors for adverse outcomes are shown in Table 3 . According to the data from univariate analysis, 7 variables -the presence of MRFs, BIL, number of stones, ALP, ALT, white cell count and acute biliary-related affections -were found to be significantly associated with adverse outcomes. Multivariate analysis showed that only 2 factors had independent significance in terms of predicting adverse outcomes: BIL and the presence of MRFs. We calculated the probability (p) of adverse outcomes using the following formula: 
Predictors of Clavien grade II-V complications
We analyzed risk factors for Clavien grade II-V complications. According to the data from univariate analysis, 7 variables -the presence of MRFs, BIL, number of stones, ALP, ALT, white cell count and acute biliaryrelated affections -were significantly associated with complications. Multivariate analysis showed that BIL and the presence of MRFs had independent significance in terms of predicting complications. We calculated the probability (p) of complications using the following formula:
Predictors of other adverse outcomes
Owing to the small numbers of patients who had retained CBD stones or whose operations were converted to laparotomy, a similar analysis was not possible for this group.
The influence of the learning curve
The first 3 years of the series, referred to as the learning curve period, was not associated with the occurrence of adverse outcomes, complications, conversion to laparotomy and retained CBD stones (all p > 0.05). Adverse outcomes occurred in 13 of 63 (20.6%) patients during this period compared with 35 of 138 (25.4%) patients afterwards.
DISCUSSION
We examined the incidence of and the risk factors associated with adverse outcomes after LC for the management of CBD stones. We selected this procedure because there are only a few series that report the results of LC, and because LC is still a difficult procedure with higher documented morbidity than the transcystic approach. 6 Most series continue to pool the results of transcystic and transductal approach es, and many have a relatively low proportion of LC. For example, Tinoco and colleagues 7 recently reported 481 laparoscopic CBD explorations, of which 69 were formal choledochotomy, and Riciardi and colleagues 12 reported 76 transductal procedures out of 346 explorations. 5, 7, 8, 12 In the present study, postoperative adverse outcomes occurred in 23.9% of patients. In this group, Clavien grade II-V complications occurred in 21.4% of patients, retained CBD stones were observed in 4%, and conversion to laparotomy occurred in 3.5%. These outcomes are relatively similar to those observed in other studies. 5, 6, 8, 10, 13 According to the data from multivariate analysis, the serum BIL and the presence of MRFs were significantly associated with adverse outcomes. The presence of toxic substances, such as BIL and bile salts, impaired liver function, and altered nutritional status due to obstructive jaundice have been characterized as factors for the development of complications, including acute renal failure, cardiovascular depression, hemorrhage from vitamin K deficiency and septicaemia. 14, 15 An obstructed biliary tree is likely to be infected and, as a consequence, there will be a higher incidence of severe chronic cholecystitis found at operation, necessitating conversion. 8 In addition, patients with higher BIL were more likely to undergo an emergency operation, and an emergency operation was a risk factor for poor outcomes. 16 As a result, BIL was one of the risk factors for adverse outcomes. Morbidity was significantly higher in patients with severe comorbidities who may not have been able to tolerate longer procedures than in those without comorbidities, whereas patient age had no influence on morbidity. 5 The findings of the present investigation also showed that having MRFs was associated with increased postoperative complications. According to these risk factors, patients could be divided into a low-risk group and a high-risk group. For patients who fail to respond to medical treatment, biliary drainage (ENBD or stenting) or stone extraction, is therefore indicated. Whether further endoscopy or LC should be adopted will largely depend on local availability of surgical and endoscopic skills. We found that the learning curve period was not associated with the occurrence of adverse outcomes. These findings may be explained in part by the fact that the presence of more MRFs and higher BIL were found in the latter period. We found MRFs in 20 of 63 (31.7%) patients in the early period compared with 69 of 138 (50%) afterwards (p = 0.016). The mean (SD) BIL was 64.6 (80.6) µmol/L in the early period compared with 85.6 (86.2) µmol/L afterwards, although the differences were not significant.
Limitations
The principal limitation of this study was its nonrandomized and retrospective nature, with a selection bias in LC. Our study was conducted in only 1 medical centre, which may limit the generalizability of our results. Even so, the data from our current study could provide the support for future prospective and randomized investigation.
CONCLUSION
Laparoscopic choledochotomy is a safe and effective treatment in most cases of CBD stones. The incidence of adverse outcomes is low, but a high BIL and the presence of MRFs do not favour the success of the procedure.
